A novel nanobiocomposite bienzymatic amperometric cholesterol biosensor, coupled with cholesterol oxidase (ChOx) and horseradish peroxidase (HRP), was developed based on the gold-nanoparticle decorated graphene-nanostructured polyaniline nanocomposite (NSPANI-AuNP-GR) film which was electrochemically deposited onto indium-tin-oxide (ITO) electrode from the nanocomposite (NSPANI-AuNP-GR) dispersion, as synthesized by in situ polymerization technique. The gold nanoparticledecorated graphene-nanostructured polyaniline nanocomposite (NSPANI-AuNP-GR) offers an efficient electron transfer between underlining electrode and enzyme active center. The bienzymatic nanocomposite bioelectrodes ChOx-HRP/NSPANI-AuNP-GR/ITO have exhibited higher sensitivity, linearity, and lower K m value than monoenzymatic bioelectrode (ChOx/NSPANI-AuNP-GR/ITO). It is inferred that bienzyme-based nanobioelectrodes offer wider linearity (35 to 500 mg/dL), higher sensitivity (0.42 μAmM −1 ), low km value of 0.01 mM and higher accuracy for testing of blood serum samples than monoenzyme system. Mechanism of the overall biochemical reaction has been proposed to illustrate the enhanced biosensing performance of the bienzyme system. The novelty of the electrode lies on reusability, extended shelf life, and accuracy of testing blood serum samples.
Introduction
Graphene, one of the most exciting nanostructures of carbon, is a two-dimensional honeycomb crystalline single layer of carbon lattice [1] [2] [3] . Recently, it has received enormous interest in various areas of research, such as biosensors, bioelectronics, energy storage and conversion, drug delivery [4] [5] [6] [7] , molecular resolution sensors [8] [9] [10] , ultrafast electronic devices, [11] , and electromechanical resonators [5] , owing to its large specific surface area, extraordinary electrical and thermal conductivities [11, 12] , high mechanical stiffness [13] , good biocompatibility [14] , and low manufacturing cost [15] . The high electrical and thermal conductivities of graphene originate from the extended long-range πconjugation.
Out of all conducting polymers, polyaniline (PANI) is one of the promising matrixes for biosensor applications due to its simple and reversible acid/base doping/dedoping chemistry enabling control over properties such as free volume [16] , solubility [17] , electrical conductivity [18] , and optical activity [19] . In recent years, nanostructured polyaniline (NSPANI) has aroused much scientific interest since it combines the properties of low-dimensional organic conductors and high-surface-area materials and offers the possibility of enhanced performance wherever a large interfacial area between NSPANI and its environment is required. Various strategies are employed for the synthesis of nanostructured polyaniline [20] [21] [22] .
Noble metal nanoparticles are known to be excellent catalysts, due to their high ratio of surface atoms with free 2 ISRN Nanotechnology valences to the cluster of total atoms. As well known, gold nanoparticles (AuNP) have many unique properties such as high surface free energy, strong adsorption ability, well suitability, and good conductivity [23, 24] . Besides, it can provide more binding sites and more congenial microenvironment for biomolecules immobilization to retain the bioactivity of the proteins, which can prolong the life time of biosensor [25, 26] . Nanocomposites based on metal nanoparticles and exfoliated graphene nanosheet (GR) with synergistic effect have exhibited particular promise in biosensing characteristics as they can play very interesting role such as (1) a biocompatible enzyme friendly platform, (2) fast electrocatalytic oxidation or reduction of the product generated during biochemical recognition process at the electrode surface to reduce overvoltage and avoid interference from other coexisting electroactive species, and (3) an enhanced signal because of its fast electron transfer and large working surface area. Lu et al. have reported highly sensitive and selective amperometric glucose biosensor using exfoliated graphite nanoplatelets decorated with Pt and Pd nanoparticles [27] . Beside that, graphene-based nanocomposites have been exploited to fabricate alcohol dehydrogenase biosensors for glucose, alcohol, and so forth [28] [29] [30] [31] [32] [33] . Biosensors, based on graphene-encapsulated nanoparticle arrays, for highly sensitive and selective detection of breast cancer biomarkers are successfully demonstrated. The increased surface-to-volume ratio significantly has helped in lowering the detection limits (1 pM) for the target biomarkers [34] . A glucose electrochemical biosensor has been reported based on zinc oxide nanoparticles (ZnO NPs) doped in graphene (GR) nanosheets. The results show that the linear response range of the biosensor lies between 0.1 to 20 μM and the detection limit has been calculated as 0.02 μM at a signal-to-noise ratio of 3 [35] .
Cholesterol and its ester are essential constituents of all animal cells, and it is present in brain and nerve tissues. The level of cholesterol in serum is an important parameter in the diagnosis and prevention of heart diseases. The development of electrochemical biosensor received significant interest for precise and smart determination of cholesterol in serum and food sample [36] . However, the so far developed cholesterol biosensors suffer from reliability, poor shelf life, and low sensitivity. Therefore, it is needed to pay attention to the above challenges in order to fabricate a reliable cholesterol biosensor for clinical diagnosis. There are two key factors in the fabrication of a biosensor, firstly enzyme system and secondly transducer matrix to monitor biosensor performance. In amperometric biosensor, cholesterol quantification is usually performed by measurement of the current associated with the oxidation of hydrogen peroxide. One of the major drawbacks of electrochemical biosensor is the overpotential necessary for the oxidation of H 2 O 2 which can cause interferences from other oxidizable species such as ascorbic acid (AA), uric acid (UA), and acetaminophen (AAP). To avoid interferences, some improved biosensors based on the coupled enzyme reactions have been reported to detect hydrogen peroxide at low potential [37, 38] . In such cases, the primary product that is produced by the reaction of the analyte with the first enzyme is further converted by a second enzyme to produce products detectable by a transducer [39] . Coupled enzyme reactions are also employed to filter out chemical signals by eliminating the interference on the enzyme [40, 41] .
In the previous communication, the authors have reported an in situ preparation and characterization of novel nanocomposite NSPANI-AuNP-GR dispersion based on NSPANI, graphene nanosheet and gold nanoparticles (NSPANI-AuNP-GR) with high electrocatalytic activity [42] . It has been observed out that the NSPANI-AuNP-GR nanocomposite dispersion can be successfully electrodeposited on the ITO surface. In the paper, attempt has been made to develop a reliable and reusable amperometric bienzymatic cholesterol biosensor based on nanocomposite film on ITO electrode for estimation of free cholesterol. In order to achieve the commercial viability, the developed electrochemical biosensor performance has been compared with photometric technique and tested on blood serum sample of various pathological labs. The novelty of the sensor lies on the method of fabrication of transducer matrix coupled with enzyme system, reusability, reliability, extended shelf life, sensitivity, and successful application to blood serum testing.
Experimental

Materials. Few-layered graphene (Quantum Materials
Corporation, Bangalore), aniline (Sigma-Aldrich), sodium dodecyl sulphate (SDS) (Qualigen),ammonium persulfate (NH 4 ) 2 S 2 O 8 (E-Merck), hydrochloric acid (Qualigen), and chloroauric acid HClO 4 (Sigma-Aldrich) were used in the present experiment. Cholesterol oxidase (ChOx; EC 1.1.36, from Pseudomonas fluorescens) with specific activity of 24 U/mg and horseradish peroxidase (HRP, E.C1.11.1.7, 250 U/mg, from Horseradish) were purchased from Sigma, potassium ferricyanide (K 3 [Fe(CN) 6 ]), potassium ferrocyanide (K 4 [Fe(CN) 6 ]), sodium dihydrogen orthophosphate (NaH 2 PO 4 ), and disodium hydrogen orthophosphate (Na 2 HPO 4 ) were purchased from Qualigens (India). Deionized water from a Millipore-MilliQ was used in all cases to prepare aqueous solutions. Monomer was double distilled before polymerization.
Characterization and Measurement.
Fourier transform infrared spectroscopic (FTIR) measurements were performed with a Perkin-Elmer FTIR spectrophotometer. Morphological imaging of the fabricated electrodes was obtained by scanning electron microscope (LEO 440 Model), and atomic force microscopy (AFM) was performed by Park Systems XE-70 Atomic Force Microscope in noncontact mode. Cyclic voltammetry and differential pulse voltammetry (DPV) measurements were conducted in phosphate buffer (50 mM, 0.9% NaCl) containing 5 mM [Fe(CN)6] 3−/4− in a three-electrode cell consisting of Ag/AgCl as reference, platinum (Pt) as counter electrode and ITO as a working electrode (0.25 cm 2 ) using Autolab Potentiostat/Galvanostat Model AUT83945 (PGSTAT302N).
Synthesis of Gold-Nanoparticle-Decorated
Graphene-Nanostructured Polyaniline Nanocomposite (NSPANI-AuNP-GR) Synthesis of NSPANI-AuNP-GR Nanodispersion. In a typical synthesis, graphene was first dispersed into a dilute aqueous solution of sodium dodecyl sulphate (SDS) (0.02 M). The aniline solution in the dopant (0.02 M) was added to an aqueous solution of SDA under stirring condition. The mixture was then placed in the low temperature bath, so that the temperature was maintained at 0 • to 5 • C. 70 μL aqueous solution of 0.05 M HAuCl 4 was added into aqueous dispersion. An aqueous solution of the oxidizing agent, (NH 4 ) 2 S 2 O 8 , in ice-cold water was added to the above mixture. The polymerization was allowed to proceed for 3 to 4 h with stirring. After that the stirring was stopped and the mixture was kept under static condition for 1-3 days at 277-278 • K for polymerization to complete. Thus, NSPANI-AuNP-GR nanodispersion was prepared by in situ polymerization as characterized in our previous communication [42] .
Fabrication of NSPANI-AuNP-GR/ITO Electrodes.
The NSPANI-AuNP-GR nanocomposite film was electrochemically deposited from NSPANI-AuNP-GR nanocomposite dispersion as synthesized, onto ITO-coated glass plates by sweeping a potential from −200 mV to +1000 mV (versus Ag/AgCl) at a scan rate of 40 mV/s in a three-electrode cell consisting of Ag/AgCl as reference, platinum (Pt) as counter electrode, and ITO as a working electrode (0.25 cm 2 ). The electrodeposition curves of NSPANI-AuNP-GR/ITO exhibit characteristics electrochemistry for NSPANI [33] with the main peaks a and b corresponding to the transformation of leucoemeraldine base (LB) to emeraldine salt (ES) and ES to pernigraniline salt (PS), respectively. On the reverse scan, peaks b and a correspond to the conversion of PS to ES and ES to LB, respectively. The presence of a small redox peak around +350 mV (C and C ) is associated with the formation of p-benzoquinone and hydroquinone as a side product upon cycling the potential to +1000 mV. The increase in current density with successive scans suggests that the polymer film builds up on the electrode surface. Figure 1 inset shows the plot of maximum anodic peak current versus with number of cycles. Maximum peak current was observed at 28 cycles indicating a continuous film deposition. It can also be observed that the shifts in peak potentials began to occur after a number of cycles. This may be the result of increased resistance of the electrode, as the film deposited becomes thicker. The current has reached up to 0.261 mA cm −2 for 28 cycles during electrodeposition of the nanocomposite dispersion. On further increase in number of cycles, anodic peak current decreases. This decrease in peak current is ascribed to the degradation of polymer film. In the present study, 28 cycles were used for film deposition for biosensor application. 
Fabrication of ChOx/NSPANI-AuNP-GR/ITO and
ChOx -HRP / NSPANI-AuNP -GR Nanobioelectrodes. The NSPANI-AuNP-GR/ITO electrode was treated with 10 μL of aqueous glutaraldehyde (0.1%) as a cross-linker. 10 μL of freshly prepared ChOx (1 mg/mL) was uniformly spread onto glutaraldehyde-treated NSPANI-AuNP-GR/ITO electrode and is kept in a humid chamber for 12 h at 4 • C to fabricate ChOx/NSPANI-AuNP-GR/ITO nanobioelectrode. 10 μL freshly prepared solution of HRP (1 mg/mL and ChOx (1 mg/mL) (1 : 1) was uniformly spread onto glutaraldehyde-treated NSPANI-AuNP-GR/ITO electrode and was kept in a humid chamber for 12 h at 4 • C to prepare ChOx/NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO bioelectrodes. The bioelectrodes were immersed in 5 mM phosphate buffer solution (pH 7.0) in order to wash out unbound enzyme from the electrode surface. When not in use, the electrode was stored at 4 • C in a refrigerator. solution containing 20 μL of HRP (1 mg dL/1), 20 μL of odianisidine dye, and 100 μL of cholesterol. The difference between the initial and final absorbance values at 500 nm after 3 min incubation of cholesterol was recorded and plotted.
Discussion
Characterization of NSPANI-AuNP-GR/ITO, ChOx/NSPANI-AuNP-GR/ITO, and ChOx-HRP/NSPANI-AuNP-GR Electrodes
(a) FT-IR Study. Figure 2 represents the FT-IR absorption spectra of the NSPANI-AuNP-GR/ITO (curve a), ChOx/ NSPANI-AuNP-GR/ITO (curve b), and ChOx-HRP/ NSPANI-AuNP-GR (curve c) electrodes. The FT-IR spectrum of electrochemically deposited NSPANI-AuNP-GR/ ITO nanocomposite (curve a) shows benzenoid and quinoid ring stretching bands (C=C) present at 1447.6 cm −1 and 1560 cm −1 . The presence of peak at 3123 cm −1 is attributed to -N-H stretching vibrations of NSPANI in the composite [43] . A peak at 1534 cm −1 due to the skeletal vibration of graphene nanosheet is observed [44] in the FT-IR spectra of NSPANI-AuNP-GR/ITO (curve a). In the FTIR spectra, apart from the above-mentioned functional groups, a peak appears at 655 cm −1 which may correspond to stretching vibration of Au-O-Au [44] . The presence of these peaks reveals the existence of NSPANI, graphene nanosheet, and AuNPs on the ITO electrode. In the FT-IR spectrum of ChOx/NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR bioelectrode (Figures 2(b) and 2(c)), enzyme binding is indicated by the appearance of additional absorption bands at 1524 and 1630 cm −1 assigned to the carbonyl stretch (amide I band) and N-H bending (amide II band), respectively [45] . Also, a broadband seen around 3560 cm −1 is attributed to amide bond present in ChOx [46] .
(b) SEM Study. SEM images of NSPANI-AuNP-GR/ITO (Figure 3(a) ), ChOx/NSPANI-AuNP-GR/ITO (Figure 3(b) ), and ChOx-HRP/NSPANI-AuNP-GR (Figure 3(c) ) are shown in Figure 3 . The electrodeposition of NSPANI-AuNP-GR matrix on ITO electrode has been confirmed by the homogeneous rough surface (Figure 3(a) ). SEM image shows NSPANI deposited on a few-layered graphene nanosheet which provide large surface area for the incorporation of metal nanoparticles. SEM image reveals the uniform loading of AuNP over NSPANI-GR matrix (Figure 3(c) ) [44] .
The nanoscale surface roughness of the NSPANI-AuNP-GR nanocomposite film is suitable for the immobilization of biomolecules. From the Figures 3(b) and 3(c), it is found that the enzymes are uniformly distributed on the electrode surfaces. The surface morphology of ChOx/NSPANI-AuNP-GR/ITO (Figure 3(b) ) and ChOx-HRP/NSPANI-AuNP-GR (Figure 3(c) ) shows full coverage of the surface by the single and bienzyme bioconjugates. The presence of globular structure can be attributed to the covalently bound enzyme molecule since most of the proteins and enzymes possess globular structure [47, 48] .
(c) AFM Study. AFM is employed to establish the thickness, surface morphology, and surface roughness of the NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO electrodes. The two-dimensional (2D) and threedimensional (3D) atomic force microscopy (AFM, Figure 4(a) ) studies reveal that film NSPANI-AuNP-GR/ITO (2 × 2 μm) shows nanoporous morphology with roughness (root mean square (RMS)) of about 29.3 nm, though their spherical shape appears to be partially distorted.
The size of the spherical nanoparticles varies from 25 to 50 nm with average particle size of 35 nm. However, after the immobilization of ChOx-HRP, the surface morphology of NSPANI-AuNP-GR/ITO film changes into smooth morphology wherein the average particle size increases to 100 nm and roughness decreases to 6.1 nm revealing that ChOx-HRP is adsorbed onto NSPANI-AuNP-GR/ITO (Figure 4(b) ) via electrostatic interactions. AFM image of ChOx-HRP/NSPANI-AuNP-GR/ITO bioelectrode (2 × 2 μm) exhibits well-arranged uniform surface indicating that NSPANI-AuNP-GR/ITO film provides a desired microenvironment for strong adsorption of ChOx-HRP in a particular orientation and wherein it retains its better configuration with more active sites. characteristics of ChOx-HRP and ChOx revealing immobilization of ChOx and ChOx-HRP on NSPANI-AuNP-GR/ITO electrode. The magnitude of peak current (1.32 × 10 −4 A) of ChOx-HRP/NSPANI-AuNP-GR/ITO (curve b) is found to be higher as compared to ChOx/NSPANI-AuNP-GR/ITO (1.01 × 10 −4 A) (curve c). The enhanced peak current indicates the increased surface activeness of the bioelectrode and increased number of electron transfer.
Electrochemical Response Studies. The DPV curves of
ChOx/NSPANI-AuNP-GR/ (Figure 6(a) ) and ChOx-HRP/ NSPANI-AuNP-GR/ITO ( Figure 6 The value of the enzyme-substrate kinetics parameter (Michaelis-Menten constant, K m ) estimated using the Lineweaver-Burke plot reveals affinity of enzyme for desired analyte. It may be noted that K m is dependent both on matrix and the method of immobilization of enzymes that often results in their conformational changes resulting in different values of K m . The K m value was determined by the analysis of the slope and intercept for the plot of the reciprocals of change in current versus cholesterol concentrations, that is, the Lineweaver-Burke plot of 1/ΔI versus 1/C. The values of apparent Michaelis-Menten constant (K m ) have been estimated using the Lineweaver-Burke plot for ChOx/NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO as 0.02 mM and 0.01 mM, respectively. The observed lower value of K m for bienzyme system indicates high affinity for cholesterol attributed to the immobilization of ChOx-HRP onto NSPANI-AuNP-GR/ITO for faster biochemical reaction. This result can be assigned to the uniform distribution of enzyme molecules on to the NSPANI-AuNP-GR/ITO nanocomposite film surface. The overall biochemical reaction for ChOx-HRP/NSPANI-AuNP-GR is shown by (1)-(5) and Scheme 1. has been found to be increasing linearly with increase in cholesterol concentration for both bioelectrodes. It has been found that the ChOx-HRP/NSPANI-AuNP-GR/ITO bioelectrode in the range of 35-400 mg/dL for cholesterol concentration follows the equation: Change in absorbance = 0.022 + 0.00016 × cholesterol concentration (mg/dL) with 0.003 as standard deviation whereas ChOx/NSPANI-AuNP-GR/ITO bioelectrode in the range of 35-350 mg/dL for cholesterol concentration follows the equation: Change in absorbance = 0.002 + 0.000088 × cholesterol concentration (mg/dL) with 0.0025 as standard deviation. The value of apparent Michaelis-Menten constant (K m ) has been estimated using the Lineweaver-Burk plot, graph between inverse of absorption and inverse of cholesterol concentration. The lower value of K m (0.012 mM) for ChOx-HRP/NSPANI-AuNP-GR/ITO biosensor as compared to ChOx/NSPANI-AuNP-GR/ITO biosensor (0.023 mM) suggests that the NSPANI-AuNP-GR matrix is facilitating the enzymatic reaction.
Chox-HRP/NSPANI-AuNP-GR/ITO
Cholesterol + O 2 −→ Cholest-4-en-3-one + H 2 O 2(1)
Studies of pH, Interference, Reusability, and
Shelf Life of Biosensors (a) pH Studies. The response current of the ChOx/NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO nanobioelectrodes studied in the pH range 6.0-7.8 (data not shown) suggests that both bioelectrodes exhibit maximum activity at around pH 7.0. At this pH, the biomolecules retain their natural structures and do not get denatured. Thus all experiments have been conducted out at the optimum pH value of 7.0 for cholesterol estimation.
(b) Interference Studies. Different interferents which are mostly present in blood such as ascorbic acid (0.05 mM), glucose (5 mM), uric acid (0.1 mM), sodium ascorbate (0.05 mM), and urea (1 mM) were tested through the DPV measurements for both biocomposite electrodes such as ChOx/NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO using cholesterol solution (100 mg/dL) in a 1 : 1 ratio. Figure 8 shows the effect of interferents on the observed response of ChOx/NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO bioelectrodes. In the Figure 8 , the first bar (cholesterol) shows the current obtained with 100 mg/dL cholesterol. The remaining bars show the current corresponding to the mixture of cholesterol and interferents in a 1 : 1 ratio. The percentage interference (% interference) was calculated using (6) for various interferents:
where ΔI chol is the change in current obtained with 100 mg/dL cholesterol and ΔI inter is the change in current corresponding to the mixture of cholesterol and interferents in a 1 : 1 ratio. A maximum of 6% interference for ChOx-HRP/NSPANI-AuNP-GR/ITO bioelectrode and 9% interference for ChOx/NSPANI-AuNP-GR/ITO bioelectrode are observed.
(c) Reusability Studies. The unique feature of both types of bioelectrodes is their reusability (Figure 9 ) which is attributed due to composition of the transducer matrix. It has been found that ChOx/NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO bioelectrodes can be reused in number of times with 100% efficiency. Figure 9 
Comparative Evaluation of Mono-and Bienzymatic
Biosensor. Table 1 represents a comparative evaluation of mono-and bienzymatic biosensor performance. It has been found that bienzymatic electrodes ChOx-HRP/NSPANI-AuNP-GR/ITO exhibit better performance in terms of linearity, shelf life, response time, and sensitivity as compared to monoenzyme-based ChOx/NSPANI-AuNP-GR/ITO electrode. The immobilization of the ChOx together with horseradish peroxidase (HRP) is thought to either help the protein to assume a favorable orientation or to make possible conducting channels between the prosthetic groups and the electrode surface. Both can reduce the effective electron transfer distance and thereby facilitate the charge transfer between the electrode and the enzyme [49] . Table 2 shows the characteristics of ChOx-HRP/ NSPANI-AuNP-GR/ITO nanobioelectrode including those reported in the literature for ChOx-HRP system. It is profound that bioenzymatic electrodes ChOx-HRP/NSPANI-AuNP-GR/ITO offer unique characteristics with respect to reusability, shelf life, and very low K m value of 0.01 mM.
3.6. Blood Serum Testing. The response of the ChOx/ NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO bioelectrodes to the cholesterol in human blood serum has been investigated by amperometric and photometric studies, and results were compared. Five serum samples obtained from pathological lab were analyzed. Table 3 shows the results from the blood serum samples using ChOx/NSPANI-AuNP-GR/ITO and ChOx-HRP/NSPANI-AuNP-GR/ITO biosensors. Both bioelectrodes provide excellent performance in evaluation of cholesterol in blood serum samples which may be due to the high electrocatalytic effect of NSPANI-AuNP-GR/ITO nanocomposite electrode. The results obtained from amperometric determination of free cholesterol in blood serum are compared with the results obtained from the photometric response studies considering as standard values of free blood cholesterol. The results obtained for ChOx-HRP/NSPANI-AuNP-GR/ITO by using amperometric and photometric studies are very close to each other with minimum error while ChOx/NSPANI-AuNP-GR/ITO shows comparatively higher deviation.
Conclusion
Gold-nanoparticle-decorated graphene-nanostructured polyaniline nanobioelectrodes have been fabricated from the NSPANI-AuNP-GR nanodispersion as synthesized via in situ polymerization, using electrodeposition technique, for the development of reusable cholesterol biosensor. Both single ChOx and ChOx-HRP-based biosensors are developed using covalent bonding through glutaraldehyde. The bienzymebased nanocomposite bioelectrodes (ChOx-HRP/NSPANI-AuNP-GR/ITO) offer better performance in terms of detection limit, sensitivity, and response time than single enzyme system. This is attributed to the presence of HRP along with ChOx to enhance the overall biochemical reaction. It has been shown that this nanocomposite bioelectrode can be used to estimate cholesterol in blood serum samples. The unique features of the ChOx-HRP/NSPANI-AuNP-GR/ITO nanocomposite bioelectrode lie with the novelty of fabrication, minimum interference, very low K m value, low response time, excellent reusability, and its usefulness for blood serum samples. The large specific surface area, excellent conductivity, stable, and reliable redox properties of NSPANI-AuNP-GR nanocomposite film allow the rapid transmit of electron and enhance current response for the immobilized enzymes. It should be interesting to utilize these nanocomposite electrodes for development of other biosensors.
